Objective: To improve counseling on congenital lung malformations (CLM) by describing long-term outcomes of children either operated on or managed by observation. to −0.14)) and FEF 25%-75% (−1.14 (−1.71 to −0.22)) were significantly below 0 SDS (both P < 0.001). Mean exercise tolerance was significantly below 0 SDS in both groups (observation: −0.85 (95% CI: −1.30 to −0.41); surgery: −1.25 (−1.69 to −0.80)); eight (28%) children in the observation group and ten (40%) in the surgery group scored <−1 SDS. Physical growth was normal in both groups.
| INTRODUCTION
Congenital lung malformations (CLM) are a heterogeneous group of malformations, including cystic pulmonary airway malformation (CPAM), bronchopulmonary sequestration, congenital lobar emphysema, bronchogenic cysts, and hybrid forms of these lesions. 1 CLM are increasingly detected prenatally as a result of routine fetal anomaly scanning and improved ultrasound technology. The current estimated incidence is 4.15 per 10 000 births. 2 Children with CLM who develop symptoms, either directly after birth or later in life, undergo surgery.
However, the majority of children with CLM remain asymptomatic. The best management strategy-ie elective surgical resection or watchful waiting-in these children remains controversial, because of uncertainty about the risk of postoperative complications, the most accurate timing of surgical resection, and the risks of infection and malignancy related with watchful waiting. 3, 4 A previous study at our center showed airflow obstruction in approximately one-third of children with CLM at the ages of 6 and 12 months, both in those who had required surgery and in those who remained asymptomatic. 5 The data on the long-term outcome are scarce, especially in children with asymptomatic CLM. [6] [7] [8] To optimize follow-up and to improve counseling, we primarily aimed to describe pulmonary outcomes (ie lung function, exercise tolerance and lower respiratory tract infections [LRTIs] ) and physical growth in 8-year-old children with CLM; both in those operated on and those managed by observation. We hypothesized that children with asymptomatic CLM have normal growth and no pulmonary morbidity and that children who needed surgery have a more complicated clinical course with growth failure and pulmonary morbidity. Secondarily, physical growth, exercise tolerance, and
LRTIs were evaluated longitudinally in all children.
| MATERIALS AND METHODS

| Study population
We analyzed prospectively collected data of live-born children born with CLM between January 1999 and March 2010, and followed in the Erasmus Medical Center-Sophia Children's Hospital Rotterdam. These children had been diagnosed either prenatally or after birth, because of symptoms or coincidentally. The postnatal diagnosis had been made using computed tomography (CT) and/or histology. In our hospital, we advocate a wait-and-see policy in children with asymptomatic CLM; this group is scheduled for CT-imaging approximately 6 months after birth. Those who develop symptoms-such as respiratory distress after birth or recurrent LRTIs-undergo surgical resection, usually after a CT-scan is made.
Parents of all surviving children with CLM are invited to enter their child in our longitudinal prospective follow-up program. Since 1999, this program is the standard of care for children with anatomical congenital malformations treated in our center. 9 Follow-up visits are planned at the ages of 1, 2, 5 and 8 years. The Medical Ethical Review Board waived approval because data obtained during routine care were retrospectively analyzed (MEC-2018-1086).
| Variables and definitions
Neonates born <37 weeks' gestation were considered preterm.
Those with a birth weight below the 10th centile of Dutch reference curves were considered small for gestational age. 10 
| Occurrence of LRTIs
At each follow-up visit (1, 2, 5, and 8 years), parents reported whether or not their child had suffered from an LRTI in the past year.
Only LRTIs treated with antibiotics were documented.
| Additional imaging
The program does not include routine imaging at 8 years of age yet.
Children were, however, referred to the pediatric pulmonologist in a low-threshold setting. 
| Statistical analysis
The data are summarized as number (%) or median (interquartile range Characteristics of children examined at 8 years and those not examined did not differ significantly, except for the proportion of children not subjected to CT or histology, which was higher in those not examined (E- Table 1 ). E- Figure One child with an extralobar bronchopulmonary sequestration had undergone embolization of the aberrant artery at 3 years of age because of cardiac insufficiency. This child was included in the surgery group. No features of malignancy were found in any of the resected specimens. The children in the surgery group had less often been diagnosed prenatally; they had a slightly shorter median gestational age at birth, and they had more often required mechanical ventilation than those in the observation group (Table 1) .
Surviving children n=76
In follow-up at 8 years n=61
No follow-up at 8 years n=15
-Diagnosed > 8 years: n=1 -Refusal: n=11 -Organisational: n=3
Complete follow-up (at 1, 2, 5, 8 years) n=43
-Observation: n=23 -Surgery before FU at 1y: n=17 -Surgery between FU 1-2y: n=1 -Surgery between FU 2-5y: n=2
Incomplete follow-up* n=18
-Observation: n=9 -Surgery before FU at 1y: n=2 -Surgery between FU 1-2y: n=3 -Surgery between FU 2-5y: n=2 -Surgery between FU 5-8y: n=2
Children with CLM born Jan 1999 -Mar 2010 n=79 Deceased n=3
F I G U R E 1 Inclusion flowchart CLM, congenital lung malformations, FU, followup, y: years. %"* Reasons for incomplete follow-up: organisational (n = 10; seen at 1, 5, and 8 y: n = 1; seen at 2, 5 and 8 y: n = 4; seen at 5 and 8 y: n = 4; seen at 8 y: n = 1), refusal (n = 6; seen at 1, 2, and 8 y: n = 3; seen at 1, 5, and 8 y: n = 3), diagnosed >1 year (n = 1, seen at 2, 5, and 8 y), diagnosed >2 y (n = 1, seen at 5 and 8 y).%"
T A B L E 1 Prenatal, perinatal, and postnatal characteristics of children examined at 8 y (n = 61)
Observation group Surgery group a n (n = 32; 52%) n (n = 29; 48%) P value Observation group Surgery group a n (n = 32; 52%) n (n = 29; 48%) P value
Chronic lung disease 32 -27 3 (11%) 0.09
Abbreviations: CLM, congenital lung malformation; CPAM, congenital pulmonary airway malformation; CT, computed tomography; ECMO, extracorporeal membrane oxygenation; n/a, not applicable. The data presented as median (interquartile range) or n (%).
a Thoracotomy (n = 20); thoracoscopy (n = 6); laparotomy (n = 1); embolization (n = 1); unknown (n = 1). b CPAM and/or congenital lobar emphysema (n = 3); CPAM and/or bronchogenic cyst (n = 3).
c Ventricular septal defect (n = 2); atrial septal defect (n = 2); tetralogy of Fallot (n = 1); patent ductus arteriosus and duplicated renal collecting system (n = 1); laryngeal cyst (n = 1); Filamin A deficiency (n = 1); congenital diaphragmatic hernia (n = 1); bladder exstrophy and anal atresia and duplicated renal collecting system (n = 1); bilateral ovarian cysts (n = 1).
(−1.70 to −0.56), FEV 1 /FVC −1.49 (−2.62 to −0.33) and FEF 25%-75% −1.95 (−2.57 to −0.63) (all P < 0.001). Nine (35%) children scored Diffusion capacity did not differ significantly between the observation group and the surgery group. 
| Exercise tolerance
| Occurrence of LRTIs
LRTIs during the past year had been reported for 2/50 (4%) children at 1 year follow-up, in 4/51 (8%) at 2 years, for 7/57 (12%) at 5 years, and for 3/61 (5%) children at 8 years. Of 61 children in follow-up, 14 (23%) had suffered at least one LRTI (E- Figure 2 ). Three of them had an LRTI after surgical resection, four underwent surgical resection because of the infection, and seven had been managed by observation despite having had an LRTI. Of the 37 children who underwent imaging, CT-imaging was performed in 21 (57%) children, 14 (38%) children were subjected to X-ray, and two (5%) children underwent magnetic resonance imaging.
Of the 23 children who had undergone CT or magnetic resonance imaging, gas trapping was reported in 10 (43%).
| Physical growth
Physical growth data of all children in follow-up at 8 years are shown in The optimal management strategy in asymptomatic CLM remains debatable. 4 In this study, more than half of the children with CLM did not require surgical resection, which is consistent with a previous study that advocated a watchful waiting approach. 6 When only Approximately half of the children in the surgery group had abnormal lung function parameters (except for FVC, which was abnormal in only 12%), and mean exercise tolerance fell below −1 SD at 8 years of age. In contrast, a previous study showed that over 75% of 21 children who had undergone lobectomy for CLM had normal lung function at a median age of 6 years (range 3-16). 20 Most of these children, however, had been diagnosed prenatally and underwent surgical resection regardless of having symptoms. In our study, the majority of these children would have been included in the observation group. We, therefore, assume that the pulmonary morbidity we found in our surgery group was caused by the severity of the CLM, rather than by the surgery itself. In other words, these malformations may not be just isolated or localized defects, and At each follow-up time point, 4%-12% of parents reported that their child had suffered from an LRTI during the past year. This is higher than the incidence reported in healthy European children (ie 14.5 per 10 000 children per year). 21 Two recent studies evaluated the data of children with CLM who had been diagnosed prenatally; in both studies, 9% of children required surgery because of respiratory infections. 6, 22 In our study, LRTIs in the observation group did not always lead to surgical resection, for example, because children recovered well from a single LRTI or because no imaging data were available to confirm that the LRTI had been located in the same lobe as the CLM. LRTIs have also been reported in children with CLM in regression or after surgery. Hence, resection does not necessarily eliminate LRTIs; previous research even reported a paradoxical increase of pulmonary infections after resection of CLM, 7 and a high prevalence of recurrent LRTIs (ie 19%) in 7-year-olds who had undergone early surgery regardless of having symptoms. Second, there was a selection bias of children in the surgery group: as only symptomatic children underwent surgery, it is no surprise that this group showed more morbidity. In some children, symptoms even led to the diagnosis of CLM. Third, our study does not answer the question whether early surgery in all children with CLM, including asymptomatic ones, would have resulted in everyone having a normal lung function and exercise tolerance or whether it would have worsened pulmonary outcomes. To find out whether surgical treatment could be superior to observation management in children with asymptomatic CLM, a randomized controlled trial or casecontrol study could be carried out to evaluate long-term outcomes in asymptomatic children who either do or do not undergo surgery.
Fourth, LRTIs were parent-reported and we were unable to include the data on specific pathogens or on the location of the LRTI. To limit recall bias, we asked parents to report LRTIs that had occurred during the 12 months preceding the follow-up visit; hence, we have no data on LRTIs for ages 2 to 4 years and 5 to 7 years. Last, the patient samples were too small and the follow-up period was not long enough to evaluate the risk of malignancy in CLM, particularly CPAM.
In conclusion, children with CLM may be at risk for reduced lung function and exercise tolerance, especially those who required surgery. This study does not give a clear answer regarding the optimal management strategy in children with asymptomatic CLM.
Still, as little pulmonary morbidity was found in these children, this study supports a watchful waiting approach in this group. Continued follow-up until adulthood is recommended to evaluate the risk of malignancy in both symptomatic and asymptomatic CLM.
